15 It has been well recognized that carbon nanomaterials and soot particles are toxic for 16 human health, while it is still controversial about the influence of functionalization on 17 their toxicity as well as the evolution of the toxicity of carbon nanomaterials due to 18 chemical aging in the atmosphere. In the current study, the oxidation potential measured nanomaterials, while epoxidation contributes to the enhancement of oxidation potential.
hydroxylation showed little influence on the oxidation potential of carbon 28 nanomaterials, while epoxidation contributes to the enhancement of oxidation potential.
29
All these carbon nanomaterials were toxic to murine J774 cell line. However, oxidized Then, the amount of DTT consumed by PM was calculated according to the standard 164 curves of DTT. The loss rate of DTT via a redox reaction in the presence of PM was 165 monitored as the concentration decrease of DTT and normalized to the particle mass.
166
Blank experiments were carried out without carbon nanomaterial particles in the buffer 167 solution. For some samples, the response to the DTT assay was also measured for the carried out with H2O2 solution for LDH assays (Fig. S2 ).
194

Results and discussion
195
Oxidative potential of carbon nanomaterials. Figure 1 shows the DTT decay rates of Cytotoxicity of carbon nanomaterials to murine J774 cell line.
216
At the present time, the A549 (a human adenocarcinomia alveolar epithelial cell)
217
and THP-1 (a human leukemia monocytic cell line) cell lines were usually chosen as 
240
In Fig. 2A doses. This means the cell membrane might be intact when exposed to SB4A.
248
As shown in Fig. 2B -F, the metabolic activity of murine J774 cell decreased more 249 significantly when exposed to engineered carbon nanomaterials than SB4A. For graphene, graphene oxide, SWCNT, SWCNT-OH and SWCNT-COOH, respectively.
253
When exposed to high doses of engineered carbon nanomaterials, the reduction of 254 relative ATP level became more significant. These results mean the cytotoxicity of the 255 engineered carbon nanomaterials studied in this work are stronger than that of SB4A SWCNT-OH only led to significant increases of released LDH at high exposure level
259
(100 g cm -2 ). This implies the integrity of cell membrane decreased when J774 cells 260 were exposed to these engineered carbon nanomaterials. This might be related to lipid 261 peroxidation induced by these particles (Li et al., 2018) .
262
It should be noted that the reduction of ATP ratio of J774 cells exposed to graphene
263
oxide was weaker than that of graphene. The reduction of ATP ratio of J774 cells 264 exposed to SWCNT-OH or SWCNT-COOH was also weaker than that of SWCNT.
265
However, compared with graphene, graphene oxide showed much stronger toxicity to SWCNT-OH and SWCNT-COOH verse SWCNT and graphene oxide verse graphene.
299
In addition, as shown in Fig. S3 , all these carbon nanomaterials revealed negative zeta Figure 3 shows the thermo gravity and differential thermal analysis curves for these 346 CB materials when the temperature was ramped from 30 to 300 °C at 10 °C min −1 in 347 nitrogen flow. Weight loss (Fig.3A) accompanied with an endothermic process (Fig. 3B) 
348
were observed below 60°C for all of these samples. This can be ascribed to desorption 349 of surface adsorbents including organics and trace water. As shown in Fig. 3B oxide among these investigated carbon nanomaterials.
369
The adsorbed organics were estimated based on the thermogravimetric curves when as that of SWCNT-COOH, while SWCNT-COOH showed weaker toxicity to murine 381 J774 cell line than SWCNT as far as the metabolic activity was considered (Fig. 2) .
382
This means the different toxicities observed in this study cannot be explained by the 383 adsorbed organics among these materials.
384
To further investigate the role of surface oxygen in the toxicity of carbon 385 nanomaterials, the oxygen-containing species of these carbon nanomaterials were 386 identified with X-ray photoelectron spectroscopy. Fig. 4 shows the typical O1s and C1s 387 spectra of these carbon nanomaterials. Adsorbed oxygen at 535.2 eV, carbon-oxygen little difference among all of these tested carbon nanomaterials ( Fig. 5A and B higher than the other carbon nanomaterials (Fig. 5A) . At the same time, the distribution oxygen content (Fig. 5B) , while it was less than 2.7 % in other carbon nanomaterials.
430
This well corresponded to the large DTT decay rates of graphene oxide (160. because it is difficult to observe an obvious dependence of the toxicity on these factors.
441
In the meantime, we can propose that epoxides in graphene oxide are mainly Figs. S5 and S6. In addition, TEM results also showed that graphene oxide broke into 451 small sheets, whose morphology and particle size were close to that of SB4A and 452 graphene oxide or graphene (Fig. S1 ). At the same time, the DTT decay rate of the 453 thermally treated graphene oxide decreased to 54.99.8 pmol min -1 g -1 (Fig. 6 ). This oxygen content between graphene oxide and graphene was much higher than that 472 between SWCNT-OH/SWCNT-COOH and SWCNT (Fig. 5A) , while the differences in 
Conclusion ad atmospheric implications
486
The DTT decay rates of special black 4A (SB4A), graphene, graphene oxide, single needs to be done at low particle concentration with long exposure time in the future.
534
On the other hand, it has been found that aging rate of BC particles under highly 535 polluted urban environment is faster than that under clean conditions (Peng et al., 2016) .
536
In the future, much work should be performed on the toxicity evolution of CB or BC 
